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ANALYSIS OF CONVENTIONAL AND REFLECTIVE BUTLER MATRICES

WITH IMPERFECT COMPONENTS

INTRODUCTION

A Butler matrix that forms a cluster of beams evenly distributed in the sin-0 space is
not usually symmetric with respect to a plane midway between the input and output
ports. Ito,'-ver, by properly adjusting the phase shifts and interconnections one may
modif, -- aventional Butler matrix to be symmetric. Such a matrix may also be folded
on itsiý, on the line of symmetry, so that the input and output ports are identical. Such a
network not only reduces the number of components required; it also becomes a
reflection-type system in which the feed positions are in tht plane of the aperture. The
synthesis of this network was described previously [1,2]. In this report, we analyze the
performance of both conventional and reflective Butler matrices. In particular, we
investigate the effect of reflected waves on the beam-forming performance. In a conven-
tional Butler matrix, since the input and output ports arc separate, the reflected waves
emerging from the input ports have no effect on the beam-forming performance. Multiply
reflected waves may emerge from output ports; however, their amplitudes are generally
small, and their effects are relatively insignificant. In a reflective Butler matrix, the
reflected waves accumulate at the input/output, ports; hence, the aperture distribution at
tui ajillttcziia dIay iS Significantly modified, and this may degrade the beam-forming

performance. These effects are investigated, and computer simulated results are presented
together with a listing of the computer program.

SCATTERING MATRIX OF A 3-dB HYBRID COUPLER

The basic building block of a Butler matrix is a 3-dB hybrid coupler. For the ideal
hybrid coupler, energy fed into any one of the input ports will be split into two equal
components, one with a phase shift of 90 relative to the other, However, practical hybrid
couplers will in general exhibit amplitude and phase errors in their transfer coefficients.
These amplitude and p)hae errors will affect the transfer coefficienrts of hboh reflerctive and
conventional Butler matrices in the same way. That is, the errors in the overall network
input/output transfer coefficients will be the same for both conventional and reflective
networks. Practical hybrid coupler.; will also have nonzero reflection and tran.fer coeffi-
cients to the isolated port. For the conventional network, to a first order, the error
components due to these effects will appear at the network inputs. )."ur the reflective
network, with its inputs and outputs sharing a single set of' ports, all error components
affect the input/output transfer coefficients.

Thus, the two types of hybrid coupler errors are forward and reverse. Our investiga-
tion will be concentrated on the revcrsec-eŽror components, and we shall assuern that there

Manuscript submitted January 1, 1 980.



SHELTON AND HSIAO I-

is no amplitude or phase error in the forward-transfer coefficients of the 3-dB coupler. The

-following analysis is based on the assumption that, when an incident wave of unit

amplitude is applied to one of the input ports, two waves of amplitude o will emerge '

from the two output ports, one with a 90' phase shift. and the other with no phase shift.

Similarly, waves of amplitude 0 will be reflected to the two input ports. As shown in

Fig. 1(a), when an incident wave of unit amplitude is applied at port 12, reflected waves
of -03 and -j!3 appear at ports 11 and 12 respectively and waves of -ja and a appear at

ports 21 and 22. For conservation of energy, one has

2u 2 + 2ý2 =1. (1)

The isolation factor is defincd as the power ratio of the rflected wave to the incident

wave. In this case, the isolation is 
A

I_ 2 (2)

Accordingly, in terms of the isolation factor, II

If the parameters in Fig. 1(b) are used, the reflected waves are related to the incident
waves by the matrix equation

F. - (4)- -ii -j jb.2 -0 -j -icy 1•

.12 12---. ------- 
(4) •

b 2 1- - • a 2
Lb 2. a I- P -J1_ 22

where a 1 1, a12, a 2 1 , and a22 are incident waves and b 1 1, b _2, b2 1 , and b2 2 are scattered

waves at ports 1!, 12, 21, and 22 respectively.

Let

bl] =b2=[ )

aI a2a LaIJ L2
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-~ ______ -ja

:OPORT 11 21 °it -_ _21_ _

b2 1

PORT 22 - _b 12  b2 2

(a) Unit-amplitude wave incident at one of the (b) Incident and reflected waves
input ports of a 3-dB coupler on a o-aB coupier

Fig. 1 - Transfer and reflecti-- in four-port networka

and

11 22 it'
(5b)

S 1 2  S 2 1 =

ja

Matrix Eq. (4) can now be simplified to the form

h11 S 1 812 a,L~i=& i~ La](6)
SCAT'FERING ANDI TRANSFER MATRICES OF A BUTII.R NETWORK

A. Butler network can he represented by a block diagram as shown in Fig. 2,* Blocks
in regions I. and 3 represent the 3-dB couplers described in the previous section, and a
phase-shift transfer network is located in region 2. A number of similar networks are

*Fut the remainder of this report, a network will be considered a physical entity and a matrix a

mathematical entity.

3



SHELTON AND HSIAO

connected in cascade to form a complete conventional Butler network. The scattering t

matrix for regions 1 and 3 is

bF 2 -j/ -/3 0 0 ... -jaQ 0 0 ... 0 al
b12 -jo3 0 0 .- jax 0 0 ... 0 a12

0 0 -j3 -3 00 ... a -jao...e

0 0 -g -jo 00 ... -ja a 0 ...

ba Ct -jy 0 0 -jfl-f3 0 0 ... a21 (7)

b2 -jot a 0 0 .. -f3 -jf3 0 0 ,,,0 a. 2

0 0 a -j O ** 0 j9 --f3 .. 0
0 0 - a.. . . .-0

o 0 .... .. ... o .. aL 2n .... 2 n

Define

12 1 22 1 -

1), b . I
[1•

akj L_ _i
al 1, a0 0
a,,2 a22;•

a, a2 = (8b)

-03 -jj3 0 0
0 0 -jf3 -g 0 0 ..

S11 S22 = 0 0 -( -jf3 0 0 (8c)

0 0 ...
0 0 ...0 - -j.

4
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1 ~23

b2 1  1

0121d 12_

0022

0143 CI3( 2
b1 b, 4 -3: d24_

d1 F.-

LL..

b 2 Inn d,,,

a In 
i n

Fig. 2 - Block diagram of a Butler network
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and 11
Oe -j} 0 0 . . ..

-j a 0 0... .
o~ o b s .. .

S1 2 = S21 0 0 -Ia a 0 0 ... (8d)

0 0 ... ... -ja
o 0 ..- ja aJ

Equation (7) can now be simplified to

[b, IS 1 1  812 (9)= . ~~(9) •,C
21 1 $22 --2,

The scattering matrix in region 2, which is a phase-shift and transfer network, can be
represented as

__ 1 (10)
d2 l 1122 C2

where dl, d2 , cl, and c2 are vectors such that

C121

d 1 2  d 2 2

d1  d2= (Ila)

ell c21

cMd c22aaaec, , 2 = .(11b)

Matrices R11 and R22 are zero, a•.d matrices d 1i 2 and e r21h i c the

mariesdscib tephsesifs nditeconcton fo oe o o cupes o6h
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next. Their elements depend on the configuration of the Butler network. As an example,
the Ri matrix of thle 4-port Butler network shown in Fig. 3 is

1 0 0 01
.7T

0 0 4 0

21 2 i 1 (12)
0 e-s 0o o 0 :

Fig. 3 - Four-port Butler network

Since we are interested in the overall scattering matrix of this network, we must first
convert the scattering matrix in each region to i transfer matrix, which in turn carn be
multiplied to form the overall transfer matrix of the whole network. A transfer matrix can
be represented as

"La2i "211 T22J

where a, and b1 are the incident and reflected waves at the left hand ports and a 2 and b2
are similar waves at the right hand ports.

It can be shown that a matrix T is related to an S matrix by the following relations
[3,4]

T11 =$ 2I - $22 sI S

1 212 11.(~d

"T12 =s 22 q1½2 (14b)

7
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T?.= - s s 1 1 , (14c)

and j

T = (14d)T22 =1S2.

The overall transfer matrix iL .

a

¶'=HT. (15)

where T 1 , T 2 , ..., Ta az'e transfer matrices in regions 1,2,..., h.

The overall transfer matrix can be converted to a scattering matrix by the relations

8 = T-r'T (16a)
11 22 21'

S -2 = T22, (161b)

$1 =TI T - 1 2 T2T21 T (16c)

and

822 '[12 "1  (l.d)

Since S] 2 = S21, one may use the simpler relation of Eq. (161)) instead of Eq. (16c).

Elements of matrix S21 (or S3 2) represent the transmitted waves at the output ports I
when a unit incident wave is applied at any one of the input ports. Therefore, matrix S2,1
is the transfer function of a conventional Butler network. Elements of mat, ix S1 I (or S2)i
represent the reflected waves at the input ports when a unit incident wave is applied at
any one of the input ports. In a reflective Butler network both the reflected waves and
transmitted waves emerge from the same set of ports. Therefore, the scattering matrix of
such a network is the sum of matrices S1 2 and S1 1, or

S = 11 + S12' (17)

In deriving ihis relation, we have made the assumption that the symmetry plane of a
reflective Butler network exhibits an open-circuit unity reflection coefficient.

PATTIERNS OF AN ARRAY FED BY A BUTLER NETWORK

Figure 4 shows a schematic diagram of a reflective Butler network, which has half
the components of a conventional Butler network. There are n ports, since ports a,1,

8
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-1 12', aln are identical with ports a 2 1, a 2 2 .... , a 21 . Using previously developed notation _ 1'and setting [b 2 ] [a 2 ] 0, this can be represented as

, b j] = [S11  ÷ S 1 ,2fla3 ]. (18) ,:

b [

all, 21
b11 b21

PERF~ECT
012,022 WALL

"b12 . b 2 2

013,023 f
h1 3 b23  HALF

BUTLER
I MATRIX

I I•
b .,' ,nj b 2 n t -

G i n , a2 n 
• i

71ig. 4 R- eflective Butler network

The vector input of [a, ] can be represented, for the case of an incident plane wav,,
received by a linear array, by

allk A h exp [.j(1?- 1)u•] 9

where u 27rd sin O/X,

with X = wavelength, 
A0 = angle of incidence trom the normal to t.hc array, and

dc element spacing.

1 "

S.... .- •=.-•.-.•-,r.._.:• •a.:.•-•v, ........ • .,..... :. : .. ... -? :•=-• -•2.•4. • - • i~w • ir • 'I
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In the subsequent discussion, we shall assume that the array has a uniform illumina-
tion function, that is, that Af = 1. The scattering matrix [8 1 1 + [812] is computed as a
function of isolation factor I. Radiation patterns of the network-fed array are represented
by two types of plot. One shows the main beams formed by several ports of the reflective
Butler network, and the other shows the complete array pattern of one port of the net-
work, in the range 0 < u < 1800.

Figure 5 shows the array patterns of an eight-port reflective Butler network. Figure 5a
shows four of tK .2 main beams for variation of the isolation factor of the 3-dB hybrid from
10 dB to 40 dB Figure 5b shows the array pattern when the main beam is at u = 22.50 for
the same range of isolation factor. Figure 6 shows the corresponding patterns for a 16-port
reflective netv ork. From these figures, it can be seen that the null filling level is roughly
equal to the i .olation factor of the 3-dB couplers. That is, for the case of 10-dB isolation,
the pattern i, filled to a level of about 10 dB below its peak; and for the case of 40 dB
isolation, ti e pattern is filled to a level of about 40 dB below its peak.

"Tables 1 and 2 show computed results for eight-port and 16-port reflective Butler
networks, respectively. The isolation factors in dB are listed in the first column. The
transmitted power is the percentage of incident power, averaged over all inputs and out-
puts, that would emerge from the outputs for the conventional Butler-network configura-
tion. The remaining power emerges from the input ports. It is seen that the transmitted
power decreases as the isolation decreases and as the number of rows of couplers in the
network increases. For the reflective-network configuration, the input and output ports
aarc comihned, and the components emerging from these ports ar( Also combined. The RMS
amplitude and phase errors describe the effects of these spurious components on the
combined outputs and are defined byS S)j/2

N2

and

N N / \ ,t 112

N 2 
-

where Ab and AO are the RMS amplitude and phase errors, respectively, ski is an element
of the scattering matrix S,

N N

Ish II=N

10
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C is the phase of ski , and Q • is the phase of si Q for the ideal network with no errors.
The error components increase with thenumber of rows of couplers and with decreasing
isolation.

A computer program for carrying out these calculations is listed in the appendix.
In addition to providing for imperfect reverse parameters of the hybrid couplers, the
program provides for imperfect forward parameters and for errors in the interconnecting
transmission lines.

CONCLUSIONS

An exact analysis procedure has been developed that is applicable to both conven-
tional and reflective Butler networks with imperfect components, The analytical procedure
has been programmed for computation of results for conventional and reflective Butler
networks of arbitrary size. Results are presented for eight-port and 16-port reflective
networks using hybrid couplers with varying degrees of isolation. The results are given in
the form of radiation-pattern factors that would be obtained from a linear antenna array

fed by the network and also in terms of the RMS phase and amplitude errors of the net-
work transfer coefficients,
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Table 1 - Computed Statistical Parameters for
Eight-Port Reflective Network

Transmitted RMS Amplitude RMS Phase
Isolation Power (percent Error Error

(dB) of incident) (percent) (degrees)

10 54.85 30.25 38.69

15 80.76 19.42 23.53

20 93.20 12.30 12.97

25 97.77 7.30 7.16

30 99.29 4.21 3.99

35 99,77 2.39 2.24

40 99,93 1.35 1.25

Table 2 - Computed Statistical Parameters for
16-Port Reflective Network

i Transmitted RMS Amplitude RMS Phase
(slain Power (percent Error Error
(dB) of incident) (percent) (degrees)

10 44.92 47.29 50.58

15 76.30 31.96 30.95

20 91.49 20.41 12.66

25 97.19 11.67 6.91

30 99.10 6.61 3.84

35 99.71 3.73 2.16

40 99.91 2.10 1.22

16
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Appendix

COMPUTER PROGRAM FOR ANALYSIS

This computer program computes the coupling coefficients from the input ports to
the output ports and the power transmitted and reflected; it also plots the array radiation
pattern if it is desired. The type of Butler matrix analyzed by this program can be either
a conventional or a reflective type as described in this report. For this program three input
data cards are required. The first data card enters the following fixed-point (15 format)
data:

NPT - Number of ports of the Butler matrix to be computed.

NROW - Number of rows of this network.

KLL Absolute value of KLL represents the beam index whose pattern is to be
plotted. If KLL = 0, there is no plot. If KLL is less than 0, the program
plots the array pattern and also plots all main beams formed by the
Butler matrix network.

LPRINT - Printout control. If LPRINT = 0, the program prints all detailed output at
each computation step.

The second data card, which is also in a fixed-point 15 format, specifies the number
of ports in each basic coupling network in each row. This implies that identical coupling
networks are used in each row. However, coupling networks of different ports may be used
in different rows.

The third input data card, which has a F10.6 floating-point format, specifies the
coupling coefficients of the 3-dB coupler used as the basic building block of th• Butlef
matrix network. These coefficients are read in the sequence Al, 131, C1, D1. These
numbers are related to the coupling coefficient of the 3-dB coupler by the relations (see
Fig. 1a)

O11-(0.05 X Al),
10-(0"5 X BI),

a1  10-0.05 X Ci),

and

a 2 = 10-(0.05 x Di).

17
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*0001 PROGRAM RFBMTX
*C THIS PROGRAM4 FIRST FIGURES OUT BUTLER NATR!X CONNECTION AND PHASE

C ANGIF , COMPUTES THE TRANSFER FUNCTION AND THEN PLOT THE PATTERN
C M4ATRIX LIMIT TO THE SIZE OF 64
C COMPILED ON JULY 13*1916 BY J. K. HSIAO
C REVISED ON AUGUST 18,1916 BY J. K. HSIAO
C ABSOLUTE VALUE OF KLI REPRESENTS THE BEAM INDEX WHOSE PATTERN IS
C TO BE PLOTTED
C KLL=O NOI PLOT
C Kit CRATER THAN 0 PLOT PATTERN ON4LY
C Kit LESS THAN 0 PLOT BOTH PATTERN AND MAIN BEAMS
C LLL1,t FULL MATRIX, LLL=O REFLECTIVE MATRIX
C LPRINT tO, PRINT ALL DETAILED OUTPUTS
C IF LPRINT NOT EQUAL 0 NC M4ATRIX MULTIPLICATION RESULT IS PRINTED
C IF LPRINT LT 0 PRINT ONLY THE TRANSFER FUN~li tN

0002 EOMMON/CSI/PLTAY(500)
0003 COMMON/C54/AIA2,B1 .82
0004 CIMENSION NOP(16),NBK(16)
0005 DIMENSION MCC8,64)sPHA(8,64)
0006 DIMENSION S1I(32,32),S12(32,32).521C32,32),S22(32. 32)
0007 COM4PLEX SI1,S12vS21.522

*0008 CALL PLOTS(PLTAoSO0O,0.)
0009 NMAX=3Z
0010 KC0 &
0011 1 READ 100,NTPvNROWKLL,LPRINTLLL
0012 IFCNIP.EQ.0)GO T102
0013 3 READ IO0#dNBP(I),IflvNRON)

0014 100 FORMAT(615)
0015 READ 101, AIA2,8l,82
0016 101 FORNAT(8FID.6)
0015 irCKC.G.T.0)CALL ORIGTW14..0.)

0019 NRIýNRUW+11
0020 CALL. NTWKCNTPNRINBPNBKMCPHA)
0021 TFCLLL.OGT.D)GO 10 4
0022 CALL HLFMTy(4TPNK1, NBP,NBK,MCPHA)
0023 4 C&LL TRFMTXCNMAXNTPNR1 ,NBPNBKMCPHAS11,512,S21,5Ž2)
00ý4 LL0O
0025 CALL PRTOUT(NTP,521,511 LL ,NMAXLTFP ,LPRTNT)
0026 LTFP=1
0021 IF(KLL.EQ.0)GO 10 1
0026 NPAV:1
0)029 CALL PATERN CNTP,521,l11,KLLNPAVNMAX)
0030 60 TO 1
0031 2 CALL ENUPLT
0032 END

18
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0001 SLIORnUTINE PRIOUT(NTP, TRFF,TRFBLL ,N!IX ,TFPLPRINT)
C LLCT.0 FOR BLOCK, ANC LIlS THE BLOCK NUPBER
C. LL'O EýOR OVERAL TRANSFER FUNCTION

0002 ~DIMENSION TRFF(NMXNMX),TRFB(NMXPNMX)--A
0003 Cd4MMON/CS41A1,A2,B1,82
000i, COMMON/C$6/AP'PI C32,3? ),ANGLC32. 32),ANCTC32),TRFF2(32,3?), TR(32,32

C),AMPAY( 32 ),9ANGAYC 32 ),vAM XC32),AN X(32 )AMPRMS( 32),ANGRMS( 32),
C SUMR(1824)

0005 COMPLEX TRFF ,TRFB , TFF2 ,TR ,SR
0006 KC=O
0001 PI=3.1.159Ž6536 t-

0008 RAC=I80.IPI
0009 K6=6
001c LLL=0
0011 IF(A1.LL.0..OR.LL.GT.0)LLL=I
0012 IF(LL.LE.0)GO TO 1
0013 PRINT 101,11
0014 101 FORMATC//I,20X'THIS IS THE TRANSFER FUNCTION OF BLOCK'915)
0015 GO TMl 4

00If 1 PRINT 111
0011 PRINT 106I
001F 106 FORMAT(//,20X,'OVERAL TRANSFER FUNCTION-)
0019 2 TF(A1.GT.0.)GO TO
002C PRINT 119
0021 119 FORMAT(//,IOX,LEFRO REFLECTION')

C GENERATE TRANSFER FUNCTION FOR AN IDEAL BUTLER MATRIX
0022 3 PRINT 124,NTP,AI
00Ž3 PRINT 117
00214 124 FORMATCI,20XNUMBER OF PORTS', I5,SX, ISOLATIIN(DB)',FIO.4. U)

0025 CALL TRFI0LCNTP)
002t IFCLIFP.CT.0I)GC TO
00?? IFCLPRINT .GT.0)GO TO 4
0028 PRINT lO7.C(ANPT( I Jb.J=1,NTP),I1,1NTP)

0030 PRTNT 107,((ANGLCLJ),J=1,NrP),I=1,NrP)
0031 PRINT 117

0032 4 TFCAI.LE.0.)K6=2
003? CC 60 K=1,K6

0014 SUM±0.
0035 CO 15 Il,.NTP
0036 15 SUMR(I)=O.

0031 IF(LPRINT .GT.0)GO 10 75
0036 Cl O 1071#72,730740677,)KI
0039 71 PRINT 102
0040 102 FOMTf,0,AP~~j OF FORWARD TRANSFER FUNCTION')
004.1 PRTNY 117
0042 117 FORMAT(/)
0043 GO To 75 -
0044 72 PRINT 103
(0045 103 FORMATC//,2OXC'PH-ASE ANGIE OF FORWARD TRANSFER FUNC'1ICN')
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004(. PRINT 117
0047 G3 TO 75
0048 73 PRINT 104
0049 104 FORMAT(ff,2OXAMPLITUDE Of REFLECTIVE TRANSFER FUNCTION-)
0050 PRINT 117
0051 GO 70 75
0052 74 PRINT 105
0053 105 FORMAT(//s20Xq 'PHASE ANGLE CF REFLECTIVE TRANSFER FUNCTION')
0054 PRINT 117
0055 (.0 10 75
0056 76 PRI ,NY 109
0051 109 FORMAT(//v20X,'AAPLITU0E OF THE RESULTANT TRANSFER FUNCTION') i
0058 -RINT 117
0059 GO 70 75
006C 77 PRINT 110
0061 110 FORMAT(//v20X#,PHA5E ANGLE OF THE RESULTANT TRANSFER FUNCTION')
0062 PRINT 117

0064 00 70 Jz1,NTP - -
0065 G81 TO3(61*62v63,6'*,65,66)K -
0066 61 ANGY(J)=CA8S(TRFF(IJ))
0061 ANGT2=ANGT(J)0*2
006E SUM=SUM+ANGT 2
0069 SUMR(J)=SUNqR(J)+ANGT2
0070 Go To 70
0071 62 IFCLPRINT .GT.O)GO TO 70I
0072 ANGTCJ)=CANG(TRFFCIoJ))*RAC
0073 GO TO 70
0074 63 ANGT(J)=CA8S(TflF8(IJ)) A
6075 bNGT?=ANGICJ)*s2
0076 SU'4=SUM4ANGT2
0071 SURqR(J)=SUMR(J)tANGTZ
0078 G81 TO 70
0079 64 IF(LPRINT 0 GT.0)GO TO 70
008c ANGI (J)=CANG(TRFB(I ,J) )*RAC
0081 GO TO 70
0082 65 TR(I,J) =TRFFCIj)4TRFB(l,J)
0092 ANGT(J)=CABS(TRCIwJ ))
0084 ANGTZ=ANGT(J)**2
0089 SUMR(J)=SUMRCJ)+ANGT2
00836 SU~zSUM+ANGT2
0081 TF(LLL.GT.O)GO TO070
0088 AMPT (IJ)=(ANGT(J)-AMPT(IJ) )/AMPT(1,J)
0099 GO TO 70
0090 66 ANGT(J)=CANG(TR(IoJ))*RAC
0091 IFCLLL.GT.0)GO TO 70
0092 AG =ANGT(J)--ANGL(I,J)
0093 ANfL(.J,l)=AG
0094 IF(ABS(AG).LE.100.)GO TO 70
0095 NSIGN~l

20
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009t IF(AG.GT.0.)NSIGN=-1
0091 ANGL(1,J).44SKGN*C360.-AOSCAG))
009e 10 CONTIN4UE4
0091 IM(PRINT .GT.0)GO TO 67
0100 PRINT 107.CANGT(J),J'l.NIP)

0101 10? FORMATCIOXe BF1O.4)
0102 61 CONTINUE4

20103 KM00=M00(K,2)
0104 IFCKNOO.LE.Q)GO TO 6
0105 PRIhI 1229,SUM
0106 122 FORMIT()/,IOXTOTAL POWER OUTPUTvFIO.4)
010? PRINT 123@(SUMR(I),Iý1.NTP)
0109 123 FOR MAT(#/0IXv POWER FROM EACH PORTv/,QOXIOPIO.4))
0109 60 CONTINUE
0110 IFCLLL.GT.0)GO TO 1
0111 IF(LPRINI .GT.0)GO TO 8
0112 DO 50 Lfl,2
0113 GO To (51,52)1
0114 51 PRINT 120
0115 120 FOR MAT(/I,20Xv ERR OR PUNCT ION 9t/,,2OX9 AMPL ITUDE%/)
0116 GO TO 531
0117 52 PRINT 121
0118 121 FORNAT(i/,ZOX,9IIASE ANGLE%/t)
0115 53 00 S0 Tul9NTP
0120 GO TO (54,55)L

0121 54 PTNI 079(AMP(JgI9JýINT1
0122 GO TO 50
0123 55 PRINT 107t (ANGLCJvT),J=1,NTP)
0124 50 CONTINUEA
0125TF(LPRINT .LT.0)RETURN
012k PRINT III
0121 ti uC 5v L=1.2
0128 Do 51 11.,NTP

r0129 IF(L.QT.1.AN0.I0 GT.1)Ql TO058
0130 ANGS=0.
0131 ANPS=0.
0132 ANr.X=0
0133 AmPX=0.

0135 AMPS=AMPS+ANPT(JI)

0136 ANGSrANG.S+ANGLCJ,I)
0137 IF( AMPT(j,I) .61. AMPX)AMPX=ANPTCJ .1)
0138 56 IF(M8S(flNGLCJT)).CT.ABSCANGX))ANGX=ANGLIC, I)

0139 IF(L.GTý1)GO TO 57
0140 AMPAV(I)=AMPS/NIP

0141 ANGAV(1)=ANGSfNIP

0143 N()AG
0144 57 CON IIN Ut
0145 IFCL.GT.1)G(I 10 59
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0146 PRINT 117 I
0147 PRINT 10l,(ANPAVCK9K=tNIP)

0148 PRINT 117
0150 PRINT 117 i
0141 PRINT 107,(AMtACK)K=1,NTP)
0151 PRINT 1017(M()K1NP

0153 PRINT 101,(ANX(K,,Kz1,NTP)
0154 PRINT 117
0155 50 CONTINUE
0156 ANPS=AMPS/NTP**2
0157 SNGStANGS/NTP**2
0ise ANGSSrTO.
0159 AMPSST=0.
0160 DO 80 I1,1NTP
0161 4NGSS-0.

0162 AMPSSr=NSTANUW-MP)*.1
0163 00 81 J=1,NTP
0164 AMPSS=ANPSS+(ANPIP( J.I)-ANPAVC I)) *,2
0165 ANGSS-'ANGSS'(ANGLCJI)-ANGAVCI))*.2

0167 81 ANGSST=ANGSST+(ANGL(J, 1)-ANGS) *s2
016t *rPRMS(I)=S0RT(AMPSS /NTP)
10169 ANGRNS(K)=SQRT(ANGSS /NTP)
0170 80 CONTINUE
0171 PRINT l07*(AMPRMSCX)#K'4lpNTP)
0172 PRINT 117
0113 PRINT 10)7,(ANGRNSCK)vK=1,NTP)
0174 AMOSS=SQRT(APP5S1~NTP**2)
0175 ANGSS=SQRT(ANGSST/NTP**2)
0176 PRINT 117
0117 PRTNT I07,AMPS.ANGjSIAMPX.ANGX.ANPSS. "GSS
0178 1 IF(Lt.GT.0)RETURN
OM7 IF(LPRINT .NE.0)RLTURN
018C PRINT I11
0181 11l FORMAT(IHI)
0182 L3=K6f2
0183 6 D0 10 t=1903
0184 GO TO 11.1l2,13)L
0185 11 PRINT 112
0186 112 P0RNAVCff.20Kp10OEAL CASE-,//)
0183 GO TO 14
0i8e 1? PRINT 113
0189 113 FORMAT(//2OXACATUAL GASE¾/J/)
0190 GO TO 14
0191 13 PRINT 114
019? 114 FOR MAT(//, 20Xt,'DIFFERENCE',M/
0193 14 00 30 h~ltNTP
0194 01 30 J1INTP
0195 SRýGIPPLX(O.,0.)
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10196 00 40 K=iNTPI
0197 GO TO (41942943)L
019@ 41 SR=SR+TRFF(1,k )*CONJG'TRFF2(J,K))
0195 GO TO 40
0200 42 SRzSII4TR( I,K )sCONJG(TRFF2(JK))
0201 GO TO 40
0202 43 SR=SRtTRF8(I,K )*CONJGCTRFF2(J,K))
0203 40 CONTINUE
0204 3 ANPTCIJ)=CABS(SR)*RI
0204 3 ANGL(IJ)=CANG( SR)RC
0206 DO 20 K=1,2
0207 GO TO (21922)K
0208 21 PRINT 115
0209 115 FORNAT(2OX,'AMPLITU0Eof)

0210 'GO TO 23I
0211 22 PRINT 116
0212 116 FORMATC/I,2OXC PHASE ANGLE%/t)
0213 23 DO 20 T=1,NTP
0214 GO TO (24925)K
0215 24 PRINi 107, (ANPT(1,J),Jrl,9NTP)1
021t GO TO 20
0217 25 PRINT 107, (AN(LCI,J),J=1,NTP)
0218 20 CONTINUE
0219 10 CONTINUE
0220 TF:( KC.GT.0)RETURN 1
0221 TF(AI .10.0 *)RETURN A

0222 PRINT 118
0223 118 FORMATC1HIOIX,'REFIECTION MATRIX IS USEO',//)A
0224 00 5 I=1,NTP
0225 00 5 J=1,NTP

022f 5 TRFF2(IJ)=TRFF(IJ)

0229 END
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0001 SUSROUTIINE TRFNTK(NM,@NNNR tNAPgNBK.NC.PHAtSIIS12,S21,S22)
0002 DIMENSION NOP(16),NBKCI6)
0003 DIMENSION MCCNRI,NN),PNA(NP.1,NN)
-0004 CIMENSIONi SI1(NMNM),Sl2(NNWP),S21(NMNMi),522(NMPdM)
0005 COMMONd'C$51q411(32. 32 ).T12432,32 ),T21(32 0 32).T22C32.32)
0006 COMMCN/C$61R11(32,32),RIZ(32,32),R21(32,32) *R22(32,32)
0001 CIMENSION 5511(8,8 ),SSI2CS,8),S21C8,8),sS'27:(8,8)
0008 DIMENSION MCT(32)
0009 COMPLEX 511,51 2,52 1r522T1IT12,pTZIT22,RII.R12,PZIRZZAR.SSI1,

C FIRST INDEX ROW
C SECrNO fNOEX COLUMN

0010 00 10 I=tNR1
C TRANSFER KATRIX IN CONNECTION REGION

0011 00 11 L=1,NN
0012 LL=MC(IL)
0013 11 NCT(LL)=L
0014 PRINT 102,(MC(!,L),L:1,NN)
0015 PRINT 1O2*dNCTCL)o L=1,NN)
001 PRINT 1019(PIACI~li)sL=1.NN)
0011 102 FORMAsC//ICOX,815))
0018 101 FORrl*T(//,(10X,8c10.4))
0019 00 20 J=1,NN
0020 00 20 K=1,N N
0021 TI1(JK)=CMPLX(0..0.)
0022 T12(JK)=CMPLX(0.,0.)
0023 T21(JsK)=CMPLXCO.,0.ý

0024 T22(JK)=CMPLXCO.,0.)
0025 IF(MCTCJ).NE.K)G3 TO 20I
0026 111CJ ,K)4AR(PHA(1, J))
0027 T2ZGJK)=CONJG(TII (JtK))
0020 20 CONTINUJE
0U29 PRINT 100,((T1I(MNbN=1 ,NNJ,P=1 ,NN)
0030 PRINT 100. C(T22(MNbvN=1,NN),N=1,NN)
0031 IFCI.GT.1)GO TO 21
0032 DOf 22 J'1.,NN
0033 00 22 K=1,NN

0035 R12(JK)=C;MPLX(0.,0.)
0036 R21(JK)=CNPLXCO. ,0.)
0037 22 P22(J,K)=T22CJ,K)
iu3E GO TO 23
0039 21 CALL NTXMRLT(NMNN, T11.T12,T21,TZ2,R11PI412,R2IR22)
0040 23 PRINT 100sC(R1I(MN),N=1,NN),Mz1,NN)
0041 PRINT 100,((RX 2(MN),NtlNN),P=1 .NN'
0042 PRINT 100, C(RZ1(MN, N=N:1NN),N~lNN)
0043 PRINT 100 ,(C R22(N,N) ,NzINN),N~t,NN)
0044 100 F~~~,%v~ru~

0045 IFCI.EQ.NRI)GC! TO 10
C TRANFER MATRIX IN BLOCK REGION
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iF0046 *P=N8P(J)
0047 IF(1.LE.1)GO TO 26
0048 IF(NP.ELJ.tdIP(I-1))GC TO 27
0049 ?6 CALL BLKCBNPqtSlISSI2,SS21,5522)

C RESET S MATRIX
0050o 00 24 J=1,NN
0051 Om 24 K=1,NN
0052 24 S11(JK)=CMPLx(0.7,0)

ft0053 SiZCJK)=CPPLX(0.,0.)
0054 SPI(JK):CMPLX(0.,O.)
0055 S2?MJK)=CMPLX(0.,0,.)
005f DO 25 Jz1,NNNP
0051 00 25 JJ=1,NP
0058 J1=JJ-I
0059 00 25 KK=1,NP
0060 KI:KK-1
0061 S'IICJ+JI ,J*KT)=SS1 1(JJiKK)
0062 S12( J+J1,J+KI)=SS1 ?(JJKK)
0063 521(J4J1,J4KI)t552 1(JJKK)

* 0064 522CJ4JI ,.IsKI)=SSZZ(JJKK)

0065 25 CONTINUEI
006f PRINT 100,((SI1(MN),N:1,NN)vM:1,NN)
0067 PRINT 1009((SI2CN,9N),N=1,NN),N=l,h4N)
0C68 PRINT 100,((SZICMN),N:1 ,NN),M'-1,NN)
0C69 PRINT 100, ((S?2CMN),N=1,NN),M=1,NN)

C INVERSF S-MATRIX
0070 CALL INVS1(NMNN,912)
0071 CALL STYRF(NMNNSlSll,52,521 .22,T11,112,12] ,T22)
00?? PRINT 100,((S11(MvN),N~1,NN),M=] ,NN)
0073" PRINT 'LOG, C(S12(M;,N)NN,-,
0074 PRINT l00,C(S?lCM,N),N~l vNN),MZ1 ,NN)
0075 PRINT 100, ((522(MN),N=1,NN),M=1,NN)
0 0176 2? 00 50 Jz 1, NN
007? 01 50 K-1,NN
007e TII CJ,K)rSl1(J,K)
£07q TI?CJK)=1 ?(JK)
0090 I?1CJ,K)=S?1(JK)
0081 50 TZ?(J,K)>S2/(JK)
008? CALL IOTXMLT(NM,NN, 111 ,Tl?, T21,T22,R11,Pl2,R21,R22)
008? PRINT 100,((R1T(M,N),NrlNN),M=2,NN)

*0084 0
RTNT 100, ((R12(MN)N 1NN),9Mr1,NN)

0CN$ PRITNT 100,((R?'AM0, N).Nv1,NN),*wlNN)
008, q'RINI 100,((RZ?(MN),N~1,NN)*M=1,NN)

* 008 10 CONT1NU
()oqP r.Al IJ NVSI(N4.NN.R2)2

0089 1 00 4 0 .J =1, NN
0090 DO 40 )K= 1,NN
0091 51? CJK) 2R??(JK)
0092 S?1(J,K) -RŽPCJ,K)
009, 511 CJtk)ZCMPIXCO.,0.)
0 09 4 S2fl(J,K)=CMPLXCO. , 0.)
009$ 0.3 40 L1,l NN

0(91 S??(JK)tS??CJK)+IR 2(JL)*Ik?2CL,K)
00V) 40 C(N T IN'AUt
0099 PRINT 100,((S11(MN),NZ1,oNN.,MtINh)
0)100G PRINT10,(2C,)trN)M1,)
0101l PRINT 100,((S?1(MN),N~lvNN),M1 iNN)
0)10? PRINT 100, ((522CM, N),N~1 ,NN),MrlNN)
0103 RETUPN
010 END
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-0001 --SUBRRUTINE STRF(NMOtNONRI.NBP 1NBK,MC,PHA.SI1,512,SZ1,522)f A
0002 CIMENSICN NBP(16),NEK(16)
0003 DIMENSION MC(NR1,NN),PHA(NRl ,NN)i
0004 'lMEINSION Sll(.NMNM),SI2CNMtNP),S2 1(NMNM),S22(NMNM)4

C, R21(Bp8)q,R'(8,8 ),SPACE(1168 )
000c 01I4ENSION MCT(32)
0001 CIMENSION SS11(2.2),SSIZ(292),SS21 (2,ZhsSS2Z(2.2)

* 000e COMPLEX S11,S12,521,522,TIIT12,T21,T22,RI1,R121 R21,R2?,ARSS11.
CSS1 2,215S22 1SZ

0009 CALL TWOPT(SSIT.5512,5521,SS22,2)
C 1ST INOEX,COLUMN
C 2ND INOEX,ROW

0010 Do 10 IrlNRI •
C TRANSFER NATRIg IN CONNECTION REGION

0011 00 it L=1,NN
001? LL=MC(IL)
0013 it MCT(LL)=L

*0014 00 20 J=1,NN
*0015 00 20 KslNN

D0lE TII(JK)=CNPLX(O.,O.) i
0018 T122JvK)=CMPLX(0.p.0.)

0020 IF(MCICJ).Pd.K)GO 1 2-0
0021 11 C J ,K) =AR( PiAII ,J))
0022 T22CJK)=CONJG~rII CJK))
)0023 20 CONTINUE
0024 TF(l.(GT.1)C0 TO 21
0025 DO 2 2 J =1I,N~l
0026 DO 2? K=1,NN
0021 R1( JsK)'T 11(JK)
0028 R12( JK)=T1?(J,K)
0029 P2:C(J,K)=T2ICJ ,K)
003C 2? R22(J,K)=T22CJK)
0031 GO TO 23
003? 21 CALL M4TXMLTCNMNN, TIITIZT21.122,RI1,R12,R21.R2Z)
0033 IF(1.EQ.NRI~rA' 1I 10

I RANFER MATRIX IN BLOCK REGjIOh
004 C, RESET S MATRIX
001 23 NP=NRPCA)

0035 IfCIL.)CTO 26
0036 IF(NP.EU.NBP(I-1))GO Tc! 21
0031 26 DO 24 JzlNN

r' 003 8 01 24 K=1,NN
003q 24 S11(J,K)=CMPLX(U.,0.)
004C S12(Jv)nCLMPLX(0.,0.)
0041 S?1(JK)ýCMPlKX(0.,0.)7
004? S22CJ,K)=CMPL-X(0. .0.)
0041 CC 25 J=1,NNNP

26
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0044 00 25 JJ=1,NP
0 045 J1:JJ-I
0046 CC 25 KKtl,NP
0047 1K-
0048 S11(J+J1,JIKI-)=SSJI1(JJ,KK)
0040 S12(J.JI,J+K 1)=SS12(JJ,KK)
005C S21(J+J1,J+K1)=SS21(JJ9;RK)
00,11 S2?(J+JI.J+KI)=5S22(jjKK)
0052 25 CONTINUE

C INVERSE S-MATRIX
005 3 CALL INVS2(NM,NN,S12)I
0054 CALL STTRF(NN,NN, 511,512,521,522 ,lTI1 12,TZIT22)
0055 Z27 DO 50 J=1,NN
0056 CO 50 L=1,NN .
00517 T1I(J,K)=S11 (J,K)
0056 T12(,JK)=S12(J,K)
065s 121(J,K)=S21(J,K) jv4

0066 s0 T22CJ.K)=S22(J,K)
=0061 CALL MTxMLT( NM,NN, YII, T12 ,T2 1,T22, R11,R 12,vR21,RR2)

0062 10 CONTINUE
0063 CALL 1NVS2CNM,NN,R22)
0064 D0 40 J=1,NN
0065 DO 40 K'1l,NN
006f 512CJK)=Rt22CJ,K) q

0C67 S21(JM)=R22CJ,K)
0068 511(J,KVýCMPLXCO.,0.)

006r 9226 J,K)=CMPLX(0.,0O.)
0676 Fu 40 t=1,Nh

0071 511 cJK)=51 1(JK)-R22(JL )*R21(L.k)
0072 5226 isK)5S226J,K)+R12(JL)*R2?(L,K)5
007% 40 CO3NTINUE
f)007 R ET URNh
0075 END

0001 SU3ROUTINE STTRFENM,tNN, 581 ,52,S21, 522,111, 112. 12,TZZ)
C THIS SUBROUTINE INVERSES S PATRIX AND STORES IN T
C

0002 DIME NS5JON SI11(NM, NM ).S12?(NM,NM ), S?1I(NM,NN), 522(NM.NM)
a 00033 D)IMENSlION 111(NP4,NM),11?(NPI,NM),T?1(N4MNM),T22(NF,9NM)

0004 COMPLEX 511,S1?,S21,52%1T11,112,T21,T2?
0005 00 30 Jz1,NN
0006 DO 3 0 K =1 , NN
0007 122(J,K)z5l2(J,k)
0008 121(JV)'CMPLX(0..fl.)
0009 f)0 3 0 L[=1 , NN
0010 30 121CJK)v-T2l(J,K)-SJ/.(J,L) *511(14)
0011 CC 31 Jr1,NN
0012 00 31 KzlNN
001 3 TI?(JK)=CMPLXCO., 0.)
00!4 TI 1(JK)=S21(J,r1 )
0 015ý CO 31 L'1.NN
001t Tl?(JK)=T12(J#K)+S22(J,L)*512(LPK)
001 7 31 T11(JK)z111(J,K) +:22(JL)*T21(L,K)
40018 00 20 K=1,NN
0019 00 20 J 1,NN
0020 511 C JKT11(J,K)
002 1 S12CJK)=112(J,K)
0022 521 (JV)ýT21 (J,k)
06239 20 52?(JK)zTZ2(JK)
0024 RE TURN
0025 END
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*0001 SUBROUTINE PTXMLT(NMNN.RllRl1?.R2lR22,Ti1 ,TIZ.T2l9T2?)
-c THIS SUBROUTINE 4ULTIPLE SUBMAIRICES R*Y THFN STORE THE RESULT
C IN R
C. SI.T *
C, SIl=R11*T11*Rl?*T2 1

C SlZ=R11*T12 4R12*I22
C Sal =R21*Tl14R22*T? 1
C. S22=R 21*T 12*022*T2 2

0002 O1"ENSION TTI(32, 32)sTT2(32,32 )
000? 01I4ENSION TIl(NM*Nt''),Tl2(NM,NM) i T21.(NK,N0), I ?(NM 9 M)
000A DIMENSION RI 1(NMsNM)9R12(NMNM),R21(NMNP4),R22(N~,NM)
0005 COMPLEX 111, TI2,T2IT229RlIvRl2 vR2lvR2?2TT1,TT2
0006 PRINT 101
0007 PRINT 100, ((RI I(M.N)#N=1,NN).P= ,NN)
0008 PR TNT j0 j (j (4N j =qN - = q N
0009 PRINT 100,(( RZ1('4,N) ,N=1 .NN).P= ,hN)
0010 PRINT 100,((R22(M,N),N~l ,NN).Pi=1 NN)
0011 PRINT 100v((T11(M9N)9NN1 NH)vM=1,NN)
0012 PR INT 100,C((T12(MgN)vN=I,NN),M=1#,NN)
0013 PRINT 100,((Y21(MqN)qN=I ,NN)*M=IvNN
0014 PRINT 100, ((T22(MtN),N~lvNN),M=IvNN)
0015 PRINT 101
0016 100 rORMAT(//,(10X,8vI0.4))
0017 101 FoRM*T(//, ................................................
001E DO 10 J--lyNN
0019 00 10 K=1,NN
0 0 2C TIl(J,K)=CMPLX(0. ,0.)
002 1 TI?(JPK)=CMPLXCO. ,0.)
0022 D0 10 Lý'I,NN
0023 TTI(JtK)=TT1(J,K).flhl(J,L) ,Tl.(L.K) .R12CJ,L)*T21(L,K)
0024 TT2(JK )=TT2(J,K )*Rll(J,L)*T12(LpK)Rl2(?J,L)*T22(LYK)
0025 10 CONTINUE
0026 00 20 J=1,NN
0027 CO 20 K=1,NN
0028 R I (JtK)=TT I(JK)
0029 20 R 12 (JK)=TT2(J,K)
0030 00 30 J=1,NN
0031 00l 30 K=1.NN
003? Tr¶(JpK)=CMPLX(0. ,0.)
0033 TT?(JK) =CMPLX(0.*0.)
0034 0il 30 'L=1,NN
0039 TI~t(J,K)=TT1 (J,K)tP21(JL)*T11 (L,K)+R22(JL)*TI(Lo()
00O36 7T2(JPK)ýTT?(JK)+R21(JL )*112(L,K)4R22(JL)*T22(LK)
0037 30 CONTINUE
0 03 p 00 40 J=1,NN

003S DO 40 K=1,NN
0040 P21 (JPK)7TY1(J,K)
0041 40 R22(J,K)=TT2(J#K)
0042 00 50 J=I,NN
004? UI 50 K=1,NN
0044 TII(JtK) =R11(J.K)
0045 712(JK )=Rl2(JK)

0047 50 T22(J,K)=R22(JgK)
C04P PLTURN
004S END
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C ABSOLUTE VALUE OFKL REPRESENTS THE BFAN INDEX WOEPTEN1

c TO BE PLOTTED
c KLL =0 Nil PLOT

C KLL GRATER THAN 0 PLOT PATTERN ONLY
C, KLL LESS THAN 0 PLOT BOTH PATTERN AND MAIN BEAN4S

0002 COMMeNC51IPLTAY(500)
0003 DIMENSION TRFFCNMX#NMX),TRFACNMXNMX)
0004 COYMMM/C65/PEAK,'64,100),PPAX(64),PAVC64i),PMAV(64)PKINOI(64),

C KIIN02(64),PEAKD8( 100) ,SPACE(1372)
0005 COMMCNIC56/COINTA(4096),SINTA(4096)
0006 COMPLEX TRFFiTRFBS
0007 Z(X)=l0.*ALlG1O(X)
0008 PRINT 104
0001 104 FORMAI~liIl)
0010 Plz.3.1415926536
0011 ArR=PI/18C.
0012 KPLOT=TA8SCKLL)
40013 NTP2=NTP/2

C PLIT CRANE
0014 YSL=80.
0015 %Y=YSL

*0016 XSL=180.
0017 NX=XSL
0018 HN=5.
0019 ST=2.
00?c xm=10.
0021 YH=5.
0022 YS=2.
0023 YSP4=YS+YM
0024 NTA=?OaNTP
UU/ u e i TAI=NTAtl
0026 TAINCzPI/NTA
00G2?1 PNOR=PNTP
0028 CALL PlIASANCTAINC#IKA)
002q KL~l
0030 IF(KLL.LT.0)KLn2
0031 NTAIN=?*NTA+l
0032 DO 1 I=1,NTP
0033 ccO J=1,NTP
0034 1 TRFFCI,J)=TRFF( I,J)4rRFB( IPJ)
0035 06 20 TL=1,KL
~0036 IF(!L.LT.?)GO TO 25
0037 CALL PLOlT(XM+4..0.s-3)
0038 NTA1N=NTAI

00' 25 CALL rPAm['mu~XS0~ SYH~iNqxpNy)
0041 00 20 K~rlsNTP?
0042 K=
004? KFLAG=O
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-004'4 KM14=
0045 KPCONT=I

00446 KMIN0UI

0049 00 30 IJ=I.NTAlN
0050 IF(JL.GT.1)GO TO 23
0051 NSIGN=-1t0052 IW(lj*GE.NTA1)NSIGNzl

0054 GO 10 24

0055 23 I=IJ
005f 24 II=IABS(1)
0057 11=11-1

0058PAR=O.
005S PAI=0.
0060 IFCIL.LT.2)Gf5 TO 21
0061 IF(1.LT.KIND1(K).CR.I.GT.KTND2CK))G~O TO 30

0062 IFCI.EQ.KIND1(K))t1-1
0063 21 00 40 J=1.NTP

0065 JI=(J-1)*1141 _

0066 J0M1OmMOO(JIIKA)

006? IFCJMOD.EQ.0)JM0O=IKA

006q PAI=CCNT0(iI~tO0)*AIMAGCS ).SINTA(JNOIJ)*RE *L(S)*NS ýGNtPAI
0070 4.0 CONTINUE
0071 PAT=PAR**2+PAI**2

00 14 [FC[J.LE.1)GO To 31 I

0075 IF(FdT-PATI)32931, 33
C VXAMINE IF A MAXIMUP IS PASSED

C077 IF(IJ.EQ.2)LEDGE~l

0076 IF(K1MA.LE.0)G1 TO 31
0079 IF(PAUl.LE.PEAK(K,KPCONT ))GO TO 34
0086 KIND I(K)=KMIND
0081 KFLAG=1
008? KPCONT =KK+I
0083 34 KK=KK+l
0094 P)EAK(KKK)=PATI
0085 t(MAzo
0086 G0 Te 31

C FY(A"INF IF A MNINIUM IS PASSED
(0091 33 KMAzi
0088 IF(KMI.LF.0)GO To 31
0089 35 KMTND=I-l

009C IF(KFL-AG.GT. 0)KIND2(K)=I-1

0091 KFLAG(;=ii
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0092 K K 1O
0093 31 PA T1I=PAT

c PLOT PATTERN FOR A GIVEN BEAM
0094 IFCK .NE.KPiAfT)GO TO 30
0095 IFCLJ.LT.NTAI)GO TO 30
009f 22 OBzZCPAT)
0091 Y7( I ..o0sf'vsi )* YMtSY
0098 IFCY .GT.YSM)YzYSM
0C99 IFCT.LT. ST)YzSY
010 P1-
0101 XrP*KMfNTA

4-0102 IFCII.EQ.1)r,(l TI 3
0102 CALL PLOTCX,Y,?)
0104 G0 TO 30
0105 3 CALL PLOT(XvY,3)
0106 30 CONT INUE
0101 IF(IL.GE.2)GO TO 20
0108 TF(KMA.GT.0)GO TO 42
0109 IFCKPCONT .FQ.KK)K TN02(K)=NTAI
oliC IFCKINOZC(K).LF.0)K TAO2CK)=NTAl

c DELETE THE MAIN LOBE
0111 Go TO 43
0112 42 IP(,LEOGE.LE.0)GO TO 43
0113 KK=KK+1
0114 PEAK(KKK)=PATI
0115 43 MY 44 1=1,KK
0116 44 PRE 8KC(I)r10.*ALOG10CPEtK(KI))
0111 PRINT 102,K
011 8 102 FORNAT(//,20X%'BEA'4 INOEX',I5)
0119 ORTNT 101,(PEAKOB(I),I'1,KK)
012C KK=KK-1
0121 00 53 L=1,KM
01?? TFCL .1T.KPCMNT )C.0 TO 53
0123 t'EAPZCKL)=PEAK(KL+1)
0124 53 CON4TINUE
0125 PMAX(K)=0
0 126C PSUM-0.
0127 PRINT 101,(PFAK(K,I),I=1,KK)
0128 101 FORMAT(/i.10OX,10E12.4))
0129 00 50 Lý1,KK
0130 IF( PEAK(KL).GT.PMAX(K))PMAXCK)=PEAK(KL)
0131 PSUAzPSUP1+PEAKCK,L)
0132 50 C ONT I NUE
0133 PAV(K):PSUP/KK
0134 PNAX(,K)=Z(PNAK(K))
0135 PAV(K)=ZCPAVCK))
0136 PRINT 103,PPAX(K),PDV(K)
0131 103 FORNAT(//,10X,'PEAKoFIO.4,5X, 'AVERAGEoFIO.4)
0138 20 CONTINUE
0139 RETURN

0140 END
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0001 SUBROUTINE HLFMTKC NTPNRINBPNBKMCPHA)
0002 -DIMENSION NBP(16),NBK(16) '
0003 DIMENSION MC(NRlNTP),PHA(NR 1,NTP)
0004 COMMOIN/C$3/MCT(64)
0005 DIM4ENSION ANG(64) ,AIEMP(64)
0006 NN'NRI/Ž
0001 LL=C(NR 1+ 1)12 -NN

C. LLxI NUMBER OF ROWS IS EVUN
C LL'0 NUMBER OIF RIWS IS 000

0008 CALL PNASUNCNRI ,NTP,NBP ,MCPHAANO)
0005 DO 10 I=lgNTp
0010 11 =!
0011 00 It ..k1,NR1
0012 KKýMC(JI) i
0013 IF(J.EQ.NN)KKP=KK
0014 II=KK I
001.5 11 CONTINUE

C FIND THE JOINT POINT THEN STORE IN NOT ARRAY
0014 00 12 JzlNN
0017 KKS=MC(JKK)
0018 12 KK=KKS i
0019 MCTCKKP)=KKS

C AVERAGE THE PHASE ANGLES FOR SYMMETRICAL MATRIX -
0020o 00 13 J=1,NN
0021 JJ=NR1-J+1
0022 Tmc=pC(JI)
0023 AVG(CPHACJ, IMC)+PHiACJJ, I))/2.
0024 13 PHACJ,IMC)tAVG
0025 PHA(jJJ, )=AVG
0026 10 CONTINUE

C CORRECT PHASE ANGLE IF THE MIDDLE ROW4 WHEN THE NUMSER OF ROWS IS
C, EVEN

0027 IFCLL.LE.0 )GO TO 1
0028 Nh=NN+1
0029 DO 20 11I,NTP
0030 TIZMC(NLI)
0031 TN=MCCNI,MCT(I))
0032 ATEMP(II )'PHA(NI,I I)
0033 IF(PHA(N1, IN).GT.ATEMPCII) )ATEMPCII)=PHA(N1,IN)
0034 20 CONTINUE

c CORRECT THE PHASE ANGLE BY ADDING THE SAME EXTRA PHASE TO EACH
C PORT IN A BLOCK

0035 NMP=NBPCN1)
0036 NMB=NBK(N1)
0037 00 21 IzisHNfI
oU it 1MB 7:f1-1 )*NMP
0039 AA=0.
0040 00 22 J=1,NMP
0041 KKZI!U+J
0042 AzATEMPERKK)-PHA(N1 ,KK)
0043 IFC A.GT..AA)AA=A
0G4ý 2? CONTINUE
0045 IF(AA.LE.0.) GO TO 2l
004t 007 23 J=1,NMP
0041 KKrIMQ+J
004P 23- PHA(NI,KK)=PHA(NI,KK)hAA
004S 21 CONTINUE
0050 RETURN

C COR RECT THE PHASE ANGLES FOR THE CASE WHEN THE NUMBER OF RIWS IS
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0051 I CALL PHASUMq(NR1,NTPNePMCPHAATENP)
0052 00 30 I=1,NTP
0053 AAzAN4G(I)-ATEpP(1)
0054 JJ.MC (1,1)
0055 30 PHACI*JJ)4AA

005t PH4(4R1Iv)ýAA
0051 RETURN
005e END

0001 SUBROUTINE PHASUM(NR1,NTPNlBPsMCPHAAS)
0002 DIMENSION NSP(16)
000? CIMENSION MC(NRI,NTP)gPHA(NR1 ,NTP),AS(NTP)

0004 DIMENSION LAPC2*64) 9A(64)
C SET THE PHASE SHIFT OF THE BOTTOM ROW

0006 NN=NBP(NROW)
0001 00 1 .J=19NN
0008 LAP(2vJ)=J
0009 1 AS(J)=PHA(191)

0010 KKUNM
0011 00 10 1z1,NROW
0013 11=1141-

0014 WNNBNP(II)
0015 !F(II.LE.0)NN'~1
00 16 DO 12 J=19NTP
0017 LAv(1,j)=LAP(29J)
00I8 12 (J)=AS(J)
D0ls KN=0
0020 DO 20 L=1.KK

0021 LL=LAPC1,L)

00?3 TF(MCCItN).NE.LL)GO TO 21
OC24 JJ=N
0025 G1 TO 22

0026 21 CONTINUE
0027 22 NMD=MOD(JJ*NN)

0028 FNQEQ0NDN

0029 DO 30 K=19NN
0030 jND=JJ-NMO+K
0031 TF(NN.EQ.1)!ND=JJ
0032 KN=KN4i
0033 30 AP(Z1NI)-ALLtp1U.LL

0033 3 55lAC.NU)=ALLN0 ý(1v

0035 20 CONTINUE
003C KK=KN
0031 10 CONTINUE
0030 RETURN
0039 END
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0001 SUBROUTINE NTWK(NTPNRIiNBPNBKgMCtPHA) - -:

Css*s*THIS SUBROUTINE FINDS THE CONNECTION OF A BUTLER MATRIX OR FFTC GIVEN THE NUMBER OF ROWS AND THE NUMBER OF PORTS IN EACH BLOCK IN
C EACH ROW

C¢n***COMPILED BY J. K. HSIAO
C****FIRST VERSION IS COMPILED ON MAY 3.1976
C.*s**NTP. NUMBER OF TOTAL INPUT PORTS OR SAMPLES
Cs****NROW, NUMBER OF ROWS REQUIRED TO PERFORM THE TRANSFORMATION
C*****NBP, AN ARRAY STORES THE NUMBER OF PORTS IN EACH BLOCK AT EACH
C ROW. EACH BLOCK IN A ROW HAS THE SAME NUMBER OF PORTS
C*****NBK, AN ARRAY STORES THE NUMBER OF BLOCKS IN EACH ROW.
C*****MC, A TWO DIMENSIONAL ARRAY STORES THE CONNCTIONS OF THE NETWORK.
C FIRST INDEX OF THE ARRAY REPRESENTS THE NUMBER CF CURRENT ROW. THE
C LOCATION OF THE SECOND INDEX REPRESENTS THE PHYSICAL LOCATION OF A

C THE PREVIOUS ROW WHILE THE CONTENTS OF IT IS THE CONNECTION TO THE
C CURRENT ROW a

0002 CIMENSION MC(NRINTP),PHACNRI.NTP)
0003 DIMENSION NFTS(64),NBKC16),NBP(16)

C COMPUTES THE NUMBER OF PORTS IN EACH BLOCK
0004 NROW=NRI-1
0005 PI=3.1415926536
0006 PI2PI*2.
0001 NBP(NRI)=l
0009 NTP2=NTP/2
0009 CO 10 I=INRI

0010 10 NBK(I)=NTP/NBP(I)
C**** NFTS ARRAY STORES THE LOCATION OF THE SAMPLES IN EACH BEAM((R
C FRFQUENCY SAMPLE). THE STRUCTURE IS CHARACTERIZED BY TWO NUMBERS,
C NTSNUMBER OF TIME SAMPLES(OR INPUT PORTS) AND NFS, NUMBER OF
C FREQUENCY SAMPLES(OR NUMBER OF BEAMS). FOR EXAMPLE, NFTSCC3-'.)*
c •T y IS T ngE PXYS!CAL LOCAT!E OF THE FIRST 111F SAMPLF IN THe

C THIRD FREQUENCY GROUP( OR OF THE THIRD BEAM),THIS IS REPRESENTED
C BY LMC
C
C SET THE INITIAL NFTS ARRAY

0011 00 11 I=1,NTP
0012 11 NFTS(I)=I

C**** NTS1 IS THE PREVIOUS VALUES OF THE NUMBER OF TIME SAMPLES(OR INPUI
C PORTS)
C**** NTS2 IS THE CURRENT VALUE
C***s NFSI IS THE PREVIOUS VALUE OF THE NUMBER OF FREQUENCY SAMPLES(COR
C BEAMS)
C*****NFS2 IS THE CURRFNT VALUE
C
C
C SFT THE INIAL VALUES OF NTS AND NFS

0013 NTSI=NTP
0014 NFSI=I
0015 00 20 I=INRI

C MM THE NUMBER OF BLOCKS OF THE CURRENT ROW
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C NM, THE NUMBER OF PORTS IN EACH 13LOCK Of THE CURRENT RCW
0C16 MX=NBK(l)

0017 NNýN6P(I)
C SET NTS2 AND NFS2

0015 NFS2=NTPINFS2
C**** THE ACTUAL REQUIRED PHASE GRADIENT BETWEEN SUCCESSIVE ELEMENT FOR

000 C, THE FIRST BEAM IS

C*** THAVAILABLE PHASE GRADIENT FOR THE FIRST BEAM IN EACH BLOCK IS
0021 PSG PI/NN
0022 KK=0
0023 DO 30 .i=1,MM
0024 MODJ=MOD(JPNFSI)
0025 IF(MOD.J.EQ.O )MODJ=NFS1
0026 JJ=CJ-1)/NFS1+I
OC27 PAGrf.PAG*(MCDJ*2-1)
0028 PASGD=PSG-PAGG
0029 DO 30 K=1,NN
0030 KI=K-1
0031 KKzKK4-1
0032 LMC=(MOD.I-1)*NTSI.(K-1 )*NTS24JJ
0033 14CLCC=NFTS(LMC)
0034i NC(I9MCLOC)=KK
0035 IF(KK.Lt.%TP2)GO TO 31
0036 KKT=NTP-KK+1 i
0031 PHACXKK):PHACIKK [)
0038 G13 TO 30
0035 31 IF(PASG0.GT.0.)GO TC 32

004C PHA(ItKK>=ABS(PASGD)*(NN-K)I
0041 IGO TO 30
0042 32 PHA(ToKK)=PASGD*KI
0043 30 CONTINUE

C. REC(ORDING THE RRFQUENCY SAMPLE OR BEAM POSITION INTO NFTS ARRAY
004A NTS1=NTS2
0045 NFSI=NFSZ
0046 KK=O

CMNS IS THE NUMBER OF BLOCKS W~ITH[N EACH (..-OUP OF FREQUENCY SAMPLES
0047 MNS=MM/NTS1
0046 DO 40 J=1.NFSI
0045 JMOD=MOD(JVKNS)
0050 IF( JMOD.EQ.0 )JMOD=MNSJ
0051 JJ-z(J-1)/MNS+l
0052 DO 40 K=1,NTSI
0053 KK=KK-1I
0054 40 NFTS(KK)=(IK-1)*NFSI4(JMOD-I)*NN+JJ
0055 20 C0NTXWUE
0056 RETURN

0057 END 1
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0001 SUBROUTINE iFRAME(XM,7M, XSL,.YSLSYHNNXNY)
0002 COI4MON/C$1/PLTAY(500)

--0003 -- ?S:NS
0004 HLAB=tN* .0 35
0005 tiLAS'=HLAB+.035
0o0o IWLAB=4 .*HLA8 /7 .
0001 XSCL=XSL/NX
0002 YSCL=YSLINY
0009 OY=Y%/NY
0010 Y~sy
0011 NN=NI
0012 CALL PLOT(0.*SY*3)
0013 CALL PLOT(XMSY,2)
0014 CA'.L PLOT(XMYMSY,2)
0015 CALL PLOTC0.9VMSYZ)
0016 CALL PLOTCO.9SY92)
0011 Do 10 1ý1#2v
0 01 a Y=SY
0019 IF(I.GT.1)GC TO 12
002C X1=0.
0021 X2=-.2
0022 X=.
0023 Go TO 13i
0024 12 xlzXm
0025 X2=XA+.2

0021 13 00 10 J=14NN~Y
0026 CALL PLOTC(1,Y,33
0029 MOoY=MO((J-1q10)
0030 IF(MOGY.NE.O)GO To 11
0031 CALL PLOTCK2,Ys2)I
0032 IFCI.GT.1)GO TO 10
G033 A=Y5CL*(J-1-NY)
0034 CALL 1hUMBER(-6.5*WLAR*Y-HLAB/2.,tHLA5,A,0. 94IF3.Q)

0035 GO TO 10I
003t 11 CALL PLOT(X3,yZ)
0037 10 V=Y*DY
003e OK=XP/NX
003S NKK~X=*1 I
0040 W50 20 1=19
0041 X=0.
0042 Ti-Iu.)o 1 22
0043 Y1=SY
0044 Y2=Y1-.2
0045 Y3=Yl-.1
0042 GO TO 23

ouil 22 v =YA3
0048 Y2=Yl+.2
0049 Y3=Y1*..
O0cC 23 C0 20 X=1,NXX

0051 KKzK-1

0052 CALL PL0TUX*Yi,3ý
0053 PODX=M30CKK*10)
0054 IF(MO0X.NE.0)G0 TO 21
0055 CALL PLOT(XPY292)
0056 IFCI.GT.1)GO TO 20

(J0SE CALL NUMBER(X--2.5*WLAB, ST-HLAB*3.30,t1LABA,0 ,'d1F3.0)
0059 rO TO 20
0U,60 21 CALL PLOT(XYY3,2)
0061 20 X=X4-PX

36



NRL REPORT 8392

0062 CALL SYMBOL(.5*XM-17.5*IWLAB,-S.*t1LAB.$YvHLAS#ZflHPARAMETER U IN DEG
CREFS0.9ZZ)

0063 35 CALL SYMROL(-7.*WLAUYMj2.+ST-15.*W.ABHLASI1HARRAY PATTERN (DO)* 11
"0064 32 CALL PLOT(O.PO.,3)
0065 END

0001 SUBROUTINE SIMCX ISORIGNNRATMCTANSLK)
C IOENT NUMBER - F1002RO0
C TITLE - COMPLEX MATRIX IHVERSION# SOLUTION OF LINEAR EQUATIONS
C IDENT NAME - FI-NRL-SIMCX A
C LANGUAGE - FORTRAN
C COMPUTER - COC-3800
C CONTRIBUTOR - JANET P. HASONi CODE 7813, RESEARCH COMPUTATION
C CENTER, MIS DIVISION
C ORGANIZATION - NRL - NAVAL RESEARCH LABORATORY - WASHINGTC'1, U.C.
C 20390
Cc IATE - 16 DECEMBER 19'0
C PURPOSE - TO SnLVE THE CIMPLEX MATRIX EQUATION AX=B WHERE A IS A
C VECTORS. THE DETERMINANT AND INVERSE OF A ARE ALSO

C OBTAINED.
0002 CMMPLEX SUN, MATORIG, ANSBO tB2 tiB6 6 OB8B10,C191B3 9815 tCCYCC2,B'
000? TQU.VALENCE(B2,C),(CCPCX),CCC2,CX2)
OUO A DIMENSION MAT(MCT 1),ORIG(NNtl),ANSCqCT),C(2),CX(2)oCX2(2)
0005 10 FJRMAT(1Xt 2E12.6)
000ok 15 FORMAY(25H TIlS MATRIX IS SINrULAR/)
o001 18 FORMAT(1HiO. VALUE OF 1FTFPMTNANT IS 'e2ES.6/()

0008 21 FORMAT(1X92U12.6,5X92[12.6)
000s 23 FORPAT(8X. 'RIGINAL CONSTANTS',21XD'DERIVED CONSTANTS*)
001C 26 FORMAT(tHIl6XV'THE INVERSE (BY COLUMNS)')
0011 27 FORNAT(IHO)
0012 28 rORMAT(1H1,6X,-VALUES OF THE UNKNOWNS')
0013 35 FORMAT(SX,'IDENTITY MATRIX')
0014 C3=(-I.0t0.0)

0015 84=(0.0,0.0)
0016 Blt=(l.00.0)
001.7 ICT:MCT

0Gle JSING=MCT
0019 MT=MCT+l
0020 NCT=ICT+MCT

C PUT ORIGINAL MATRIX INTO MAT
0021 IF(IS.EQ.O)GO TO 39
0022 AILI=7*
0023 NCT=ICT
0024 39 00 2 J=I,ICT
0025 DO 2 I=19MCT
002f MAT(I.J)6ORXG(I,J)
0027 2 CONTINUF
0028 IF(IS.NE.O)GO TO 30

C PUT IDENTITY MATRIX INTO RIGHT HALF OF MAT
0029 31 Of 32 J=MTNCT
0030 01 32 I1,MCT
0031 32 PAT(I,J)=B4
0032 DO 33 J=I*PCT
0033 33 MAT(JJ+MCT)=B3

C FORM TRINGULARIZED MATRIX
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0034 30 JCTxMCT-I
0035 0O 3 J=1,JCT
0036 KKmJ.I
0031 (OC.O 25
003C 24 00 4 K=KKNCT
0039 B88-MAT(K,J)INATCJvJ)
004C DO 5 L=JtN!IT
0041 81O=B8*MhaT(JtL)
0042 5 MAT(KvL)WMAT(KvL)-813I
0043 4 C 0FlT I NUE

C VALUE OF DETERMINANT
0044 3 8l1=611*MAT(J#J)
0045 81 16I11.MATCNCT#MCT)
004f LOW--MCT
0047"@-

c TrO 00 ONE OR MORE BIACK SOLUTIONS
0048 00 6 MINC=MTsNCT
0049 JFIN=MCT
0050 IX=0

C eACK SOLUTION
0051 00 6 IN~sLOk.NO
0052 MmAZUeS(Im")
0053 S0u-MIAT(MeNINC)
0054 62=MAT(MvP2

0055 84-.(0.090.0)
0056 1F018) 7t2297 I
0051 22 IX=IX+l
0058 GOTO
0059 7 M02--JFIN

0061 N=IABS(INN)
0062 9 B434f4MAT(MN)*PATCMqPIhC)
0063 80180-B4
0064 !F[N=JFIN-1
0065 8 IF(C(1).EQ.0.0.ANO.C(2).EQ.0.0)GO TO 13
006t 29 PAT(MM1INC)=80/82
0067 ANS(M)=60/82
006e 6 CONTINUE
0069 00 40 J=MrNC7
007C j j= j- PqC
0071 DO 40 I=1,MCT
0072 40 0RIG(lJJ)mMAT(I,J)
007? IF(LK.G1.0 )RFIURN
0074 IF(IS.EQ.O)GO TO 34
00,15 Ci0 TO 41

C CHECK FOR SINGULARITY AND To SEE IF FIRST TERM
007t 25 JV.UJ
0077 C(>MAT(JJ)
0078 IF(CX(1).Nrf0.0..OR. CX(2).NF.0.O000 TO 12
00T9 11 IF(JV.NE.JSING)(G6 TO 14
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008G 13 PRINT15
0081 PRINT l009Jp(MAT(K vJ)vK~lMCr)
400 !32 100 FORMAT(10XI598Fl0.4)
0 08a3 PRINT 219((M4AT.(I,J)sl~INCT)PJ=1,flCT)
0084 RFTURN
0085 14 JVzJV~l
0086 CC2=PAT(JV.J)
0081 IF(CX?( I).EQ.0.0.AN0.CX2(2I.Efd.0.0 )GO TO 11
0088 16 DO 17 JJ-J,8CT
008S t867MAT(J,JJ)
009C MAT (JtJJ)=MATCJVvJJ)
0091 17 NATCJVJJ)=B6
0092 811=-811 j
009! 12 CONTINUE
0094 GOTO 24

C PRINT SUBSTITUTION$ BACK INTO ORIGINAL MATRIX
0095 45 00 20 NNV=191S
0096 PRINT 27

0097 44 PRINT23

0099 813=(0.0*0.0)
0100 020 19 IMM=19MCT
0101 19 813=ORIG(LLMM)*MAT (MMMCT+NNV )*B13
0102 8I5=-0RIG(LLmcrtNNV)
0103 PRINT2lvR15,R13
0104 20 CONTINUE
0105 RETURN

C PRINT TITLE -THE INVERSE
0105 34 PRINT 26I
0101 GO TO 43

C PR INT TITLE VALUES OF UNKNOWNS
0108 41 PRINT 28
010;^ 43 E; 38F jj-9T,NCT
011c PRINT N127

0111 00 38 1I=1,NCT
0112 38 PRINT 10, MAT(II,JJ)

C PRINT VALUE Of DETERMINANT
011? PRINT 10,N11
0114 1F(IS..NE.0)GO TO 45

C, PRINT IDENTITY MATRIX
0115 PRINT 35
0116 00 36 iK=1,MCT
011.1 PRINT 27
0118 00 36 I=1,MCT

0126, D0 37 J=1,MCT
0121 37 SU'RORIG(K,J)*MAT(JMC-T+T)+SUM
0122 36 PRINT !0TSUM
0123 RETURN
0124 END
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-0001 -SUBROUTINE 6LKCNMMNNSIL9SIZ,$2lS22) -

0002 DIMENSION NBP(16)tNBK(16)

0003 DIMENSION MC(8pl8),PNA(8916)
0004 DIMENSION S11(NMNM)9Sl2CNMNM).S21(NMNM), S'2CNM# NM) '
0005 COMMONiCSS/Tl1C8,8),T12(8,8),T21CB,8),T22(8.ý),,Rll(898).R12(8,8),

C R21(D8sl) R22(8,8),SPACEC 7168)
0006 COMPLEX Sl1,S12tS21,S22
000? COMPLEX TII.T12,T21, T22.KlRlI.R12!Z1,R??
0008 IFfN.ZT.2)GO TO I i
0005 CALL TWOPT(SII,512,S21,522,NM)
0010 RETURN
0011 1 11=0

0012 N2ý.NN I
0014 IF(N2.LE.0)GO TO 2
0015 IIlII.1

0011 2 00 10 1-1911 -

0018 10 NBPMI)Z

0020 CALL N7WKCNN9IKNSP#NOBK9$CPM4A)
0021 CALL STRFCNMNN,1INBP.NBKMNCPHASl1,S120 S21,S22)

0022 RETURN 002? EN
0001 SUBROUTINE INVSI(NMNNsS12)
0002 COMMON/C$5/Al(32), TC3Z,64),sPACEC',03Z) 4
0003 DIMEhSION S12(NP,NM)

40004 COMPLEX AlvTPS12
0005 CALL SIMCX(0,S12,NMrT9NNAl,1)
0006 RETURN
0007 END

0001 SUBROUTINE INVS2(NMtNNtS12)
0002 COMMON/CS5/A1(5),T(8, 16), SPACE(7920)
0003 DIMENSION S12(NM9NM)
0004 C0'KPLEX AloTvS12
0005 CALL SIML;X(0s512,NM,1 ,NNvA 1,1)

000f RETURN

0007 END
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0001 SUSROLjTINE TWOPT (S1IISIZIS21,Szm)
0002 OLMENSIONSl(.eS(NNl(NS2M)

0003 -COMPLEX S11PS12PS21PS22I
0004 CONMONfC$4/A,5,9C9D
0005 eC0zo~c+rn
0006 IF(RCD.GT.O.)Gfe TO I
0007 AR=¶0..**C-A*.05)
0008 IF(A.LE.0.)AR=0.
GOIC A2-SQRT(.5-AR.AR)
0011 81=AR
0012 82zAR
0013 GO TO 2
0014 1 61=1.**(-A*.05)
0015 IF(A.LE.0.)B1=0.

0017 IF(B.4E.0.)bzvo.
0018 A1zl0.**(-C*.05)
0019 A=0*(D.5
0020 2 $Sl1(1,)=51.CMPLX(0.,-1.)
0021 S11(2v2)mB1*CMPLXco.,..1.)
0022 S22(1,i)-B1*CMPLX(O.#-1.)
0023 - S22C2#2)ýa1*CMPLX(o.,-1*)
= 0024 511(l#2)w862*CpqPLXc-1.,0.)
002S S11(2v1)=82*CMPuc(-1.,o.,
0026 S22(1q2)-B2*CHqPLXc-1.v0.)
0027 ?Z2(20 .)=82z*CfPLXc-1.#0.,
0028 !12( 1,1):AI*CMPLXC 1.,0.)
0029 S12(2q2)lA1*CPlX(1 .. 0,0)
003C S21( 1,l)=A1*CMPLXc 1o. )
0031 521C2*,2)=A1*CMPLXC I.s0.)

0033 SI2(2,1)=A2*CMPqLX(a. ,I.)
0034 S2I(lsZ)=A2*CMPLX(0.,..1. )
0035 S21 C2,1)=A2*CMPLX(0.,-1.)
0036 RETURN~
0037 END
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SHELTON AND HSIAO I

0001 SUBROUTINE TRT(NTPTRFFLL@NNX)
00"2 CCROqNffl$6/lpNy(32,32),ANGL(32,32)PAN6T(32),TRK0C32,32),SPACEC4064

0003 DIMENSION TRFFCNMXNMX)i
0004 COMPLEX TRFP.1RI0
0005 IF(tL.GT.0)6O TO Ia
0006 00 10 1219"7P
0001 00 10 J=INTP
0009 10 TRKD(TJ)sTRFF(IJ)
0009 RETURN
0010 1 06 20 Itl.NTP

001100 20 J=INTP
0012 20 TRFF(1.J)sTRIDCIJ)

m0613 RETURN
0014 END

0002 C0RMNO%/C$6/AMPT(32,32)DANGL(32932)vANGTC32)TYRFP2(32932)9 TR(32932
C),SUMR(20 16)

0003 COMPLEX TRFF2,7R
0004 P1-3.1415926536

0005 PIZ=PI*2.

0001 A=SQRT1(1./NTP)
0008 P=-PI/NIP
0009 00 10 I=1,NTP

* 0010 PP-'(I-1)*P
coi01 PR=P*(I-.5)*2.
0012 05 10 J=1,NTP
0013 PP=AI!C0(PPP!2)
0014 RE=A*COSCPP)
0015 RI=A*SINCPP)
0016 TRFP2(I,J)tCKPLXCRE,RI)

0011 DNPT(1,j)=A
001E ANGL(ltJ)=PP*RTA
0020 RETURN

0001 SUBROUTINE PHASAN CTAINC,I)
0002 CONNON/C$6,CONTAC4O96),SINTA(4096)

*0003 P7=3.1415926536
000i PIZ=PI*2.
0005 1A0O.
0006 1=0

£0001 1 1=1*1
*0008 CONTACI)=COS(T4)

0009 S1I:AT A(T1) -SIN (I A)
0010 TA=TA*TAINC
0011 TF(TA.GE.P12)RUTURN
0012 Go To 1
001i END
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I NJRL REPORT 8392
0001 COMPLEX FUNCTION ARCAUG)510002 AMP=i.
0004 AG=AUG

0004 RE=ARP*COS (AG)
0005~ -RI=ANP*SIN(Ao)
0006 AR=CNPLX(RERI)01007 RETURN40008 END

I40001 FUNCTION C*NGCSR)
0002 COMPLEX SR0003 AJ=REAL(SR)
000/4 AZ2AINAGCSR)
0005 CANG=DTANZCAZ,AI)
0006 RETURN
0001 END

I4


